A feedlot growth-performance trial and a metabolism trial were conducted to evaluate the interaction of forage level (10 vs 20%) and monensin ( 0 vs 28 mgkg, air-dry basis) on utilization of a steam-flaked corn-based finishing diet. There were no treatment interactions ( P > .lo) on feedlot cattle growth performance or site and extent of digestion of OM, ADF, N, and starch. Monensin supplementation did not influence ( P > .lo) ADG, DM intake, feed efficiency, estimated NE value of the diet, or ruminal and total tract digestibility of OM, ADF, and starch.
Introduction
The potential for improved feed efficiency of feedlot cattle as a result of monensin supplementation is well documented (Davis and Erhart, 1976; Raun et al., 1976; Boling et al., 1977; Thompson and Riley, 1980; Goodrich et al., 1984; Oscar et al., 1987; Zinn, 1987; Delfino et al., 1988; Stock et al., 1990) . However, the magnitude of the response has been variable, ranging J. h i m . Sci. 1994 Sci. . 72:2209 Sci. -2215 from nil (Burrin et al., 1988; Zinn, 1988; Stock et al., 1990; Zinn and Borques, 1993) to greater than 18% (Bartley et al., 1979) . The basis for the variable response is not clear. Factors that have been implicated include diet cation concentration (Rumpler et al., 19861, microbial adaptation (Branine et al., 1988; Morris et al., 1990) ) and diet energy density (Zinn, 1986j . With respect to the latter, Goodrich et al. (1984) observed that across all trials the optimum diet energy density for monensin addition was 2.9 McaVkg of ME (1.37 McaL'kg of NE,). As diet energy density increased above this level, feed efficiency responses decreased. The objective of this trial was to evaluate the interaction of monensin supplementation and forage level on growth performance and digestive function in steers fed a steam-flaked corn-based finishing diet.
Experimental Procedures
Trial 1. Eighty medium-framed yearling crossbred steers (approximately 25% Brahman breeding with the remainder represented by Hereford, Angus, Shorthorn, and Charolais breeds in various proportions) with an average initial weight of 314 kg were used in a 56-d feeding trial. Steers were blocked by weight and randomly allotted to 16 pens (28 m2) equipped with automatic waterers and fence-line feed bunks. Two forage levels (10 vs 20%) and two monensin levels ( 0 vs 28 mg/kg) were compared in a factorial arrangement of treatments. For the initial 14 d of the trial, monensin was incorporated into the diet at the rate of 14 mgkg (air-dry basis). Thereafter, the rate was 28 mgkg (air-dry basis). Ingredient composition of the dietary treatments is shown in Table 1 . The trial began January 16, 1992. Upon initiation of the study steers were implanted with Synovex-S (Syntex, Des Moines, IA). Diets were prepared at weekly intervals and stored in plywood boxes located in front of each pen. Steers were allowed ad libitum access to dietary treatments. Fresh feed was provided twice daily.
Energy retention ( ER, megacalories) was derived from measures of live weight (LW, kilograms) and ADG (kilograms/day) according to the following equation: Steer ER = (.0493 LW.75) ADG1.0g7 (NRC, 1984) . Net energy content of the diet for maintenance and gain was calculated assuming a constant fasting heat production ( MQ) of .077LW.75 McaYd (Lofgreen and Garrett, 1968) . From estimates of ER and MQ, the NEm and NEg values of the diets were obtained by process of iteration (Zinn, 1987) to fit the relationship NEg = ( . 8 7 7 NE,) -.41 (NRC, 1984) . This trial was analyzed as a randomized complete block design experiment with a 2 x 2 factorial arrangement of treatments (Hicks, 1973) , using pens as the experimental unit.
Trial 2. Four Holstein steers (234 kg) with " T cannulas in the rumen and proximal duodenum (Zinn and Plascencia, 1993) were used in a 4 x 4 Latin square design experiment to evaluate treatment effects on characteristics of ruminal and total tract digestion. Composition of the experimental diets was the same as in Trial 1 (Table 1) . Two basal diets containing 10 and 20% forage were prepared, with the inclusion of 5% chromic oxide as a digesta marker. Two supplements containing monensin treatments were mixed with the corresponding basal diets at the time of feeding. Diets were fed in equal proportions a t 0800 and 2000 daily. Individual feed intake was restricted to 5. (Zinn, 1990) ; purines (Zinn and Owens, 1986) ; VFA concentrations of ruminal fluid (gas chromatography); GE (adiabatic bomb calorimetry); and chromic oxide (Hill and Anderson, 1958) . Microbial organic matter (MOM) and N (MN) leaving the abomasum were calculated using purines as a microbial marker (Zinn and Owens, 1986) . Organic matter fermented in the rumen is considered equal to OM intake minus the difference between the amount of total OM reaching the duodenum and MOM
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reaching the duodenum. Feed N escape t o the small intestine is considered equal to total N leaving the abomasum minus ammonia N and MN and, thus, includes any endogenous contributions. Methane production was calculated based on the theoretical fermentation balance for observed molar distribution of VFA and OM fermented in the rumen (Wolin, 1960) . Endogenous urinary energy loss was estimated as .63Wkg.50 (derived from Brouwer, 1965 and NRC, 1984) . This trial was analyzed as a 4 x 4 Latin square design experiment with a 2 x 2 factorial arrangement of treatments (Hicks, 1973) .
Results and Discussion
The influence of forage level on 56-d growthperformance response of feedlot steers t o supplemental monensin is shown in Table 2 . There were no treatment interactions ( P > . l o ) . Monensin supplementation did not influence ( P > . l o ) ADG, DM intake, feed conversion, or NE value of the diet. Failure to observe a monensin main effect is consistent with other recent studies (Burrin et al., 1988; Zinn, 1988; Morris et al., 1990; Stock et al., 1990; Zinn and Borques, 1993) . Why monensin failed to show a benefit in these studies is not certain. Goodrich et al. (1984) observed that the optimum diet energy density for monensin addition was 2.9 Mcal/kg of ME (1.37 McaVkg of NE,). As diet energy density increased above this level, feed conversion response decreased. In a six-trial summary, Spires et al. (1990) also found a negative correlation ( R 2 = -.53) between diet NE The influences of forage level and monensin on characteristics of ruminal and total tract digestion of the diet are shown in Table 3 . As with Trial 1, there were no treatment interactions ( P > .lo). Consistent with some studies (Zinn, 1987 (Zinn, , 1988 Morris et al., 19901 , ruminal and total tract digestibility of OM, ADF, and starch were not affected ( P > .lo) by monensin supplementation. However, in some cases, monensin supplementation has decreased (Simpson, 1978; Poos et al., 1979) or increased (Wedegaertner and Johnson, 1983 ) DM digestibility.
Supplemental monensin decreased ( 14.5%, P < . l o ) passage of microbial N to the small intestine and the ruminal digestion of feed N (10.4%, P < .05). These effects on microbial synthesis and feed N degradation have been reported previously (Bartley et al., 1979; Poos et al., 1979; Paterson et al., 1983; Bergen and Bates, 1984; Zinn, 1987 Zinn, , 1988 ).
The influence of forage level and monensin on ruminal pH, VFA molar proportions, and estimated methane production are shown in Table 4 . Ruminal pH tended to be slightly lower (1.9%, P < .lo) with aForage level main effect ( P < ,011.
bForage level main effect ( P < .lo).
CMonensin main effect ( P < .lo). dMonensin main effect ( P < .05). eForage level main effect ( P < ,051.
monensin supplementation. Typically, differences of this magnitude are not detected in experiments such as this. The coefficient of variation was unusually low ( 1.7%) for measures of ruminal pH in this trial. In a previous study (Zinn, 1988) , we did not detect a significant difference in ruminal pH due to monensin, although ruminal pH was numerically 1.4% lower with monensin supplementation. A decline in ruminal pH with monensin supplementation is consistent with the observation (Schelling, 1984) that monensin may decrease ruminal solids and liquid dilution rate. However, when cattle have been exposed to grain engorgement (induced lactic acidosis) monensin has increased ruminal pH (Dennis et al., 1980; Nagaraja et al., 1982) .
ruminal molar proportions of acetate and butyrate. However, there was an interaction between forage level and monensin on ruminal molar proportions of propionate. With the low-forage diet, molar proportions of propionate were 9.4% higher with monensin supplementation. In contrast, with the high-forage diet ruminal molar proportions of propionate were 5.5% lower with supplemental monensin. Supplemental monensin did not affect ( P > .lo) estimates of methane production. Several studies Givens et al., 1981; Zinn, 1986 Zinn, , 1987 Galyean et al., 1992) It is unlikely that diet energy density, per se, was limiting energy intake. In an earlier study (Zinn, 19861 , in which similar diets were fed, daily gain and energy intake were not affected by increasing forage level from 10 to 20%. Kreikemeier et al. (1990) observed similar ADG when forage level was increased from 10 to 15% in a steam-rolled wheat-based finishing diet. Apparently, the difference in energy intake in this trial was due to negative effects of the particular forages used on diet acceptability at the higher level of incorporation. Ruminal digestibilities of ADF, OM, and starch
were not affected ( P > .lo) by forage level. As was expected, increasing forage level decreased total tract digestion of OM ( P < .05), DE ( P < .05), and ME ( P < .01).
Ruminal digestibility of feed N was 20% greater ( P < .05) with the high-forage diet. This difference in ruminal 'feed N degradability is considerably greater then would be expected based on relative differences in degradability of feed N in the alfalfa-sudangrass hay combination and the steam-flaked corn it replaced. For example, assuming that the ruminal degradability of the N in corn was 50% (McDonald, 1954; Cole et al., 1976) , then even if the ruminal degradability of the forage was 100% the expected increase in ruminal degradability of feed N would be aForage level main effect ( P < .01).
bMonensin main effect ( P < .lo).
'Forage level main effect ( P < .05). dForage level x monensin interaction ( P e ,101.
eForage level main effect ( P c .IO).
fMethane, moledmole of glucose equivalent fermented.
9%, less than half the observed increase. Although roughage level, per se, has been shown (Zinn and Owens, 1983) to have a dramatic effect on measures of feed N degradation in the rumen, increasing the forage level did not increase ruminal degradability of feed N in a previous experiment in which similar diets were fed (Zinn, 1986) . Perhaps the nature of the forage could be important. In the former experiment the forage was alfalfa hay, whereas in the present study the primary forage was sudangrass hay (Table  1) . Increasing forage level in the diet increased ruminal pH (4.496, P < .01) and ruminal molar proportions of acetate (13.096, P < .01) and decreased ruminal molar proportions of propionate (10.296, P < . 0 5 ) and increased estimated methane production (19.4%, P < .05). These changes due to forage level are consistent with previous studies (Baile et al., 1979; Merchen et al., 1986; Kinser et al., 1988) .
Implications
Direct effects of monensin on utilization of a steamflaked corn-based finishing diet are small and are not affected by forage level.
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